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Summary. Olive mill waste-water was used for protein 
production in small-scale experiments, using non-steril- 
ized medium without pH control. A 14 g/l concentra- 
tion of proteins, 61% chemical oxygen demand removal 
and a 58% reduction in total phenolic compounds were 
obtained using an Aspergillus niger strain. The removal 
of phenolic compounds resulted in a change in the col- 
our of the waste-water from black to brown. 
., 
Introduction 
Olive black water is a waste-water from the manufac- 
ture of olive oil. In the olive-growing Mediterranean 
countries, olive waste-water production is more than 30 
million m3 per year (Fiestas Ros de Ursinos 1981). 01- 
ive oil processing is mainly carried out by means of the 
traditional discontinuous press process or the more re- 
cent continuous solid-liquid centrifuge system. The vol- 
ume of olive black water produced by the traditional 
press process is 0.5-0.8 m3/ton of olives (Boari et al. 
1984). 
Generally, more dilute waste-waters are produced 
with the continuous process, but the polluting organic 
load in terms of the weight of processed olives amounts 
to 45-55 kg biological oxygen demand (BOD5) per ton 
of olives, whichever processing method is used. The 
maximum BOD5 and chemical oxygen demand (COD) 
concentrations are 100 and 220 kg/m3 respectively 
(Balice et al. 1982). In olive waste-water produced by 
the traditional mill and press process, the average con- 
centration of volatile solids and inorganic matter is 15% 
and 2%, respectively. The organic fraction includes su- 
gars, tannins, polyphenols, polyalcohols, pectins and 
lipids (Fiestas Ros de Ursinos 1981). 
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Several studies have been carried out on single cell 
protein (SCP) production from olive black water (Fies- 
tas Ros de Ursinos 1966; Giulieti et al. 1984), but the 
yeasts used in these processes degraded only sugars 
and lipids, and polluting compounds such as pectins, 
tannins and polyphenols were not removed. Aspergillus 
niger, which has been used for some time now in SCP 
production (Raimbault and Alazard 1980), possesses 
extracellular enzymes that hydrolyse pectins (Wood 
and Siddiqui 1971), polyphenols (Makasinova and 
Martakov 1982), and tannins (Ikeda et al. 1985). It de- 
grades many phenolic compounds (Kieslich 1976) and 
can be used for olive black water treatment. 
In this paper, we report preliminary results obtained 
on the utilization of olive mill waste-water (OMW) as a 
raw material for producing SCP for anti-pollution pur- 
poses, using Aspergillus niger in erlenmeyer flasks and a 
small-scale fermentor. 
Materials and methods 
Media. Media were based on an olive black water sample with a 
middle COD content, the composition of which is shown in Table 
1. The liquid culture medium consisted of 1 1 OMW (COD: 154 g/ 
I), NH4N03, 6 g, and (NH4)2S04, 4 g. Preliminary studies showed 
the need to add nitrogen and sulphate for A. niger to grow on 
OMW (data not reported). The OMW was inoculated with lo9 
spores/l. 
The growth of A. niger strain A10 on several aromatic com- 
pounds was tested in erlenmeyer flasks with the following me- 
dium: NH4N03, 5 g/l; (NH&S04, 5 g/l; KH2P04, 4 g/l; MgS04, 
0.5 g/l ; NaCI, 1 g/l; aromatic compounds (p-hydroxyphenylace- 
tate, tannin, naringin, gallate, vanillate, veratrate, protocate- 
chuate, syringate, gentisate, caffeate - Sigma Chemical , St. Louis, 
Mo, USA), 5 g/l, glucose, 0.5 g/l; distilled water, 1 1; pH 5.5. The 
biomass was collected by filtration after 6 days, washed and dried 
at 105" C for 24 h. 
Fungal strain. A .  niger strain A10 (Alazard and Raimbault 1981) 
was maintained on medium containing olive black water in 
slanted agar at 4°C. This medium contained 50% (v/v) OMW; 
NH4N03, 5 g/l; (NH4)2S04, 5 g/l; KH2P04, 1 g/l, and agar (Dif- 
CO, Detroit, Mich, USA), 18 g/l. 
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Substrates / Table 1. Analysis of olive mill waste-water from a single sample f with a middle-COD content 
Components Concentration (g/l) 
COD 
Dry matter 
Volatile solids 
Insoluble residue 
Reducing sugars 
Glucose 
Total Kjeldahl nitrogen 
Ammoniacal nitrogen 
K+ 
Ca+ 
Naf 
Mg++ 
NOT 
PH 
BODS 
154 
105 
63.5 
73.8 
26.5 
16.8 
4.1 
0.38 
0.12 
5.2 
0.4 
0.28 
0.17 
0.82 
5.4 
COD, chemical oxygen demand; BOD, biological oxygen de- 
mand 
Spore inoculation preparation. Spores were obtained from 125-ml 
flasks containing 15 ml medium composed of OMW, 50% (VIV); 
NH4N03, 4 g/l; (NH4)2S04, 2 g/l; KH2P04, 1 g/l, and agar 20 g/ 
1. After autoclaving, the flasks were inoculated with spores from 
an agar slant and incubated at 35" C for 1 week. Fifty millilitres of 
water and a drop of Tween 80 were then added and the spores 
were suspended by stirring for 10 min. The spore concentration 
was measured by direct microscopic counts using a haematimetric 
cell. A sample of 1 ml spore suspension (10' sporedml) was used 
as inoculum for 50 ml of substrate. 
Fermentation experiments. Small-scale experiments were carried 
out in 500-ml erlenmeyer flasks containing 50 ml medium, on a 
rotary shaker operating at 150 rpm. Studies of batch fermenta- 
tions were performed in 1.5 1 of medium using a 2-1 fermentor op- 
Table 2. Phenolic compounds contained 
in olive mill waste-water (OMW) and ref- 
erences to their degradation by Aspergillus 
niger 
Table 3. Degradation efficiencies of A. 
niger grown on OMW in terms of the tan- 
nin-like compounds present in the waste- 3 water 
pHydroxyphenylacetate 
Tannin 
Naringin 9 
3,4,5-Trihydroxybenzoate 8 
4-OH,3-Methoxybenzoate 7 
3,4-Dimetaoxybenzoate 6 
(vanillate) 
3,4-Dihydroxybenzoate 5 
3,5-Dimethoxy,4-OHbenzoate 4 
(protocatechuate) 
(syringate) 
3,5-Dihydroxybenzoate 3 
3,4-Dihydroxycinnamate 2 
(cafeate) 
Glucose (standard) 1 
O 1 2 3 
Dry weight (g/l) 
Fig. 1. Production of biomass by Aspergillus niger after growing 
on various phenolic compounds for 6 days. The standard was the 
yield from glucose added for growth to start without adding 5 g/l 
of aromatic compounds 
erating at an aeration rate of 1.2 vvm and an agitation speed of 
300 rpm. The temperature was 35" C in all experiments. Silicone 
antifoam was used as required. In all experiments, non-sterilized 
medium was used without pH control. 
Compounds References to References to 
content degradation 
p-Hydroxyphenylacetate Chichelli and Solinas 1984 Kieslich 1976 
Protocatechuate Chichelli and Solinas 1984 Kieslich 1976 
Cinnamate Balice and Cera 1984 Kieslich 1976 
Quercitin Vazequez et al. 1974 Kieslich 1976 
Oleuropein Vazequez et al. 1974 Kieslich 1976 
Tannins B a k e  et al. 1982 Ikeda et al. 1972 
Polyphenols Fiestas Ros de Ursinos 1981 Makasinova and Martakov 
Anthocianins Tanchev et al. 1980 Blom and Thomassen 
Syringate Balice and Cera 1984 
1982 
1985 
Total Hydrolysable Condensed Monomeric Simple 
phenolic tannins tannins flavoids phenolics 
(g/l) ( d l )  (g/l) W l )  
OMW 18.20 7.00 2.30 1.50 6.40 
Fermented OMW 7.68 1.85 1.70 1.33 2.85 
Degradation 
efficiency (%) 57.8 73.5 26.1 22.0 55.5 
830 
Analytical methods. The biomass was collected by filtration on a 
gauze, and the mycelium washed with distilled water. Proteins 
were measured using the Kjeldahl method, because of the high 
content of polyphenols and tannins in the waste. Glucose and re- 
ducing sugars in the liquid were estimated by means of the glu- 
cose oxidase method (Werner et al. 1977) and the Somogyi micro- 
method (Nelson 1944; Somogyi 1945), respectively. Methanol was 
analysed as previously described (Garcia et al. 1982). The COD 
was estimated by means of the economical method described by 
Knechte1 (1978). The viscosity of OMW was measured with a 
coaxial cylinder rotary viscometer. Total phenolic compounds, 
hydrolysable tannins, condensed tannins, monomeric flavoids and 
simple phenolic compounds were determined using a method des- 
ribed by Balice et al. (1988). 
Results and discussion 
The choice of A. niger was based on review of the liter- 
ature indicating that the degradation of several phe- 
nolic compounds present in OMW is a common char- 
acteristic of this genus, as shown in Table 2. 
The biomass obtained from A. niger cultured on syn- 
thetic medium with aromatic compounds is shown in 
Fig. 1. These results indicate that the majority of the 
phenolic compounds reported to be found in olive 
black waters were used with the exception of caffeic 
acid, 3,5-dihydroxybenzoic acid and syringic acid 
which is the most plentiful simple phenolic compound 
in OMW (Balice and Cera 1984). 
The A. niger growth led to a decrease in the colour 
intensity of OMW, possibly due to the degradation of 
some phenolic compounds and adsorption of the poly- 
phenols and tannins on the fungal mycelium. This ad- 
sorption may be ,due to the hydrogen bound between 
phenolic compounds and proteins or to the chitin of 
the mycelial $val1 which has a strongly coagulant effect 
(Seng 1988). The results of analysis of tannin-like com- 
pounds from OMW before and after culture of A. niger 
in erlenmeyer flasks showed that the efficiency of the 
degradation of simple phenolic compounds by this fun- 
gus was 55.5%; this efficiency was 73.5% for hydrolysa- 
ble tannins (Table 3). 
After 72 h, the COD removal rate determined on 
OMW filtrate fermented by A. niger was 61.6% in flasks 
and 52.5% in the fermentor. The soluble protein in fil- 
trate obtained from flasks and the fermentor were 3.75 
and 4.95 g/l, respectively. 
The mycelium obtained in the fermentor adhered to 
the agitation paddles and inner surface of the fermen- 
tor after 15 h, giving an average biofilm thickness of 1 
cm; this heterogeneity explains the low levels of COD 
removed in spite of the good aeration conditions. In 
contrast, in erlenmeyer flasks, the OMW viscosity, 
which was initially 70-120 cp, increased and then be- 
came non Newtonian (Blakebrough et al. 1978), due to 
the formation of mycelial pellets. The pellets were eas- 
ily recovered by filtration. In some cases, they were de- 
composed into a pulpy suspension. In the fermentor, 
no formation of pellets was observed, and it was diffi- 
cult to separate the biomass by filtration after fermenta- 
tion. 
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Fig. 2. Consumption of glucose (O), reducing sugars ( W), and 
protein production (A) of A.  niger grown on olive mill waste-wa- 
ter (chemical oxygen demand: 154gA) in erlenmeyer flasks (a) 
and in a 2-1 fermentor (b) 
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By the end of fermentation, the biomass had reached 
55 g/l. This biomass also contained olive pulp particles 
(50-90% cellulose and lignin) (Fernandez-Diez 1983). 
The biomass protein content was between 11.5% and 
23.0% and depended on the OMW composition and the 
incubation time. The mycelium yield resulted from the 
bioconversion of sugars, lipids, pectins, tannins, antho- 
cyanins, and aromatic compounds associated with the 
decrease in COD. The protein content of the mycelium 
produced in flasks and the fermentor, are given in Fig. 
2. The proteins given for the fermentor culture take into 
account only the mycelium in suspension in the me- 
dium and do not include the whole synthesized myce- 
lium. 
The kinetic degradation of glucose and reducing su- 
gars differed between the flasks and the fermentor (Fig. 
2). The initial increase in the glucose level observed in 
the flasks may have been due to solubilisation of the 
olive pulp and the enzymatic hydrolysis of several com- 
pounds such as cellulose, pectin and tannins. With fun- 
gal growth in the fermentor, the initial consumption of 
glucose was faster than in the flasks, but towards the 
end of the fermentation process, reducing sugars accu- 
mulated, either because of damage to the mycelium or 
the heterogeneity of the medium. 
The degradation of pectin from OMW by A. niger 
has been measured from the accumulation of methanol 
(Wood and Siddiqui 1971). The methanol concentra- 
tions at the end of the fermentation were 0.47 and 0.55 
g/l in the fermentor and flasks, respectively. The car- 
boxylic acids and polyols produced by the metabolism 
of A. niger were not quantified. 
Our results show that A. niger can be used as an ef- 
ficient means of OMW bioconversion. Since the present 
experiments were carried out under non optimized con- 
ditions, optimization of the medium composition and 
adaptation of fermentor technology to mycelium pro- 
duction are now being attempted. Attempts are also be- 
ing made to find fungi which are able to reduce more 
COD and decrease the colour of OMW, while main- 
tained a good level of protein production. 
Acknowledgements. Many thanks to Dr. M. Raimbault for provid- 
ing strain A10 of A .  niger, and for his critical review of this manu- 
script, and to J. Blanc for revising the English. 
References 
Alazard D, Raimbault M (1981) Comparative study of amylolytic 
enzymes production by Aspergillus niger in liquid and solid- 
state fermentation. Appl Microbio1 Biotechnol 12: 113-1 17 
B a k e  V, Cera O (1984) Acidic phenolic fraction of the juice of 
olives determined, by gas chromatographic method. Grasas 
Aceites 25:178-180 
